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PREFACE 


This  Ttport  docusunts  th«  flight  t«it  program  of  a guldad  aarlal  rafuallng 


Maaara.  R.  A.  Hodgaa  and  C.  V.  Laasmann  managad  tha  program  for  Baaeh  Aircraft 
Corporation. 


Thla  final  report  has  baan  reviewed  and  la  approved  for  publication. 


C.  A.  Folts  ^ 

Dlractor-Miasile  Systama  Division 
and  Aeroapaca  Planning 


drogue  ccnductad  during  tha  period  from  Nov^aibar  1976  through  November  1977 
at  Beech  Aircraft  Corporation  (Mtemtate^fiydtama  Diviaion)  for  the  Dapartmant 
o'f  'fKe”Navy  under  tha  Naval  AiiTsyatjiaib^  Command. 
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SYMBOLS 

Axlel  Force  Coefficient 

Dreg  Coefficient 

Lift  Coefficient 

Chord  Force  Coefficient 

Rolling  Moment  Am  (18.5  In) 
Reference  Area  (1.0  eq  ft.) 
Dynamic  Preasure  (PSF) 

Free  Stream  Velocity  (KBAS) 

Rolling  Moment  (In-Lb) 

Roll  Inertia  (Slug-Ft^) 

Pitch  Inertia  (Slug-Ft^) 

Yaw  Inertia  (Slug-Ft^) 

Angle  of  Attack  (DEO) 

Angle  of  Sldeallp  (DEG) 

Hose  Trail  Angle  (DEO) 

Drogue  Tilt  Angle  (DEG) 

Drogue  Roll  Angle  (RAD) 

Roll  Rate  (RAD/SEC) 

Roll  Acceleration  (RAD/SEC/SEC) 
Fin  Deflection  (DEO) 
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imODUCTlON 

Thla  flight  taat  program  la  an  Intarmadlata  atap  In  the  davelopmcint  of  a . 
guldad  aarlal  rafuallng  drogua,  capabla  of  aligning  with  tVe  r'^obo  of  th<« 
racalvar  aircraft  during  approach  for  angagemant.  Tha  and  objec'clva  la  to 
allavlata  angagamant  dlfflcultlaa,  Including  condltlona  of  drogue  Inatablllty* 

Zn  the  initial  phaaai  aerodynamic  force  ganaratora  ware  developed  for  tha 
Beech  1080  drogue.  The  general  faaalbillty  of  tha  concept  was  demonstrated 
by  wind  tunnel  taatlng  and  analyala.  In  thla  currant  program,  the  concept 
haa  bean  developed  Into  a maneuverable  drogue  ayatam  aultable  for  flight  and 
adapted  for  radio  control. 
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SUMMARY 


The  objective*  of  thli  pxogren  were  to  deilgn»  fabricate  and  flight  test 
an  experimental  model  maneuverable  aerial  refueling  drogue.  The  drogue 
configuration  was  developed  based  on  modifications  to  the  Beech  Model  1080 
refueling  system.  The  modified  drogue'  aaeembly  Included  aerodynamic  force 
generators  which  were  developed  from  previous  wind  tunnel  Invaatlgatlons. 

The  drogue  ayatem  Included  actuating  mechanisms,  a radio  control  receiver 
and  a eelf'contalnad  power  source.  The  drogue  configuration  was  compatible 
with  the  Model  1080  refueling  store,  although  no  provisions  were  made  for 
fuel  transfer. 

The  experimental  drogue  was  trailed  from  the  Model  1080  refueling  store 
which  was  Installed  on  the  wing  tip  of  CC-137  tanker.  Testa  were  conducted 
at  200,  250  and  300  KEAS.  Drogue  maneuvers  ware  commanded  by  a radio  trans- 
mitter from  a EA-6B  chase  airplane.  The  resulting  movements  of  the  drogue 
wars  recorded  by  movie  cameras  from  the  tanker  and  the  chase  aircraft. 

The  drogue  exhibited  stable  trail  at  all  steady  state  conditions.  The 
maneuvering  commands  resulted  in  drogue  displacements  similar  to  predicted 
data<  However,  an  unexpected  roll  characteristic  was  encountered  which 
made  displacements  characteristics  difficult  to  evaluate.  This  rolling 
motion  was  believed  due  to  the  wing  vortex  and  Induced  rolling  moment  due 
to  control  fin  deflection. 

The  fins  failed  to  respond  to  maneuver  etteispts  at  200  KEAS.  It  was  found 
that  a component  malfunction  In  the  voltage  regulator  prevented  the  voltage 
from  being  supplied  to  the  radio  control  receiver. 
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DISCUSSION 


DESIGN 

The  teat  article  waa  an  experimental  maneuverable  aerial  refueling  drogue 
with  adapter  coupling  and  regulator  (Figure  1).  The  drogue  aaaembly  is  a 
modified  veralon  of  the  Beech  variable  diameter  constant  drag  drogue.  The 
physical  arrangement  consists  of  32  leaves  of  which  alternate  leaves  are 
aluminum  alloy  bar  and  corrosion  resistant  steel  tubing.  The  bar  and  tube 
leaves  era  pivoted  directly  to  a drogue  mounting  ring.  The  bar  leaves  are 
provided  with  a sheet  metal  deflector  at  the  tip  which  la  the  principal 
element  In  controlling  the  drag  level  of  the  drogue.  The  leaves  are  fixed 
In  « 25  degree  leaf  position  by  means  of  a machined  ring. 


Four  of  the  deflector  bar  leaves  are  adapted  with  aluminum  control  surfaces 
(6.0  X 12.0)  and  spaced  at  90  degree  Intervals  In  order  to  provide  a method 
of  aerodynamic  control.  The  control  surfaces  are  actuated  by  electrically 
driven  linear  actuators.  The  control  surfaces  are  parallel  to  the  alratream 
In  the  neutral  or  unactuated  position  and  have  a maximum  of  60  degrees  travel 
In  the  actuated  position. 


The  adapter  coupling  Is  made  of  aluminum  sheet  and  bar  and  is  the  same  basic 
overall  dimensions  as  a standard  MA-2  coupling.  It  Incorporates  a gimbal 
which  simulates  the  coupling  ball  joint  and  a swivel  with  a spring  loaded 
Indexing  ball  detent  to  orient  the  drogue  control  surfaces  at  the  full  trail 
position.  The  adapter  coupling  also  provides  a housing  for  the  remote  control 
receiver,  power  package  and  associated  electrical  hardware  necessary  for  control 
surface  operation. 


The  adapter  regulator  Is  a machined  aluminum  hogout  that  replaces  the  fuel 
regulator  and  plugs  the  end  of  the  hose.  The  coupling/regulator  assembly 
mates  with  the  normal  40  pound  ballast  weight,  and  associated  hardware  for 
attachment  to  the  hose. 
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Mass  properties  for  the  glntbaled  portion  of  the  drogue  assembly  are  shown 
below.  The  data  la  summarized  as  follows: 


Weight  - 64.75  Pounds 

Canter  of  Gravity  - 16.49  Inches  aft  of  gittbal  socket 

2 

Fitch  or  Yaw  Inertia  about  glBa>al  - 5.287  Slug  ft 

2 

Roll  Inertia  about  Centerline  - 1.0  Slug  ft 

These  data  were  obtained  from  actual  measurements  except  for  the  roll  inertia. 
The  roll  Inertia  was  estimated  from  calculations  made  on  a comparable  design 
assuming  symmetry  about  the  drogue  axis. 


Certified  scales  were  used  for  all  walghlng  operations.  The  center  of  gravity 
was  obtained  by  suspending  the  drogue  from  single  point  and  ballasting  to  level 
position.  The  yaw  Inertia  was  measured  using  a bl-fllar  torsional  pendulum 
arrangement  as  shown  in  Figure  2.  Procedure  Is  to  start  the  drogue  oscillating 
about  Its  centroldal  axis  and  measuring  the  period  of  oscillation*  "T"*  to 
provide  Input  for  the  equation: 

. 7 A 2 


1 - (RVwj/irr  L where: 


I <■  Test  article  mass  moment  of  Inertia  about  oscillation 
axis  - (slug-ft2) 

R • Distance  from  f liars  to  oeclllatlon  axis  > <ft) 

L ■ Length  of  filers  - (ft) 

The  drogue  was  reinforced  with  a beam  and  strap  assembly  as  shown  to  make 
compatible  with  the  required  geometry.  The  yaw  Inertia  about  the  c.g.  of 
the  suspended  configuration  was  calculated  using  Inputs  as  follows: 

W " 78.25  Pounds 
R ■ 12.00  Inches 
L ••  153.83  Inches 

T 4.576  Seconds  per  oscillation.  Measured  over  52  oyclee. 


(l).V(7a.23)  (4.576) 
4 »T^  (153.83/12) 


3.238  slug  ft^  ■ 15000  lb-in* 
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CG  and  Inertia  (about  socket)  of  the  basic  drogue  are  calculated  In  the 
table  below. 


n 

Pounds 

In. 

A 

aft  of  socket 

WX2 

L§  In' 

Suspended  Conflg. 

78.25 

16.862 

22249 

15000 

Beam 

-12.4 

20.30 

-5110 

-7633 

Straps 

-1.1 

0 

0 

-11 

64.75 

16.49 

17139 

7356 

2 

ly  or  Xs  about  socket  ■ EWx 

+ El 

0 

- 24495  Ib-in^ 

- 5.287  Slug  ft^ 

ELECTRICAL 

The  four  drogue  fins  v^re  controlled  with  linear  actuators  with  limit  switches 
at  half  travel  and  full  travel  position  for  the  option  of  30°  or  60°  of  fin 
deflection.  The  actuators  were  In  turn  driven  by  relays  In  the  output  circuit 
of  a 72.4  MHe  radio  link.  Actuators  and  radio  receiver  were  both  battery 
powered  by  al6Vi  5.0  ampere  hour  sealed  lead  acid  battery.  The  transmitter 
wes  hand  held  and  powered  by  nl>cad  cells. 

A common  r.f.  carrier  was  amplitude  modulated  with  five  control  channels 
on  a time  sharing  basis  where  each  of  the  five  channels  are  sampled  sequen- 
tially for  on/off  Information.  (Figures  3 and  4). 

Each  channel  at  the  transmlcter  generates  a pulse  each  time  It  Is  sampled 
and  pulse  width  determines  the  on/off  logic  level  of  the  fin  driver  at 
the  receiver  end  of  the  link.  A synchronous  channel  scanning  technique 
la  used  at  the  receiver.  Synchronisation  with  the  channel  scanner  at  the 
transmitter  Is  accomplished  with  a comparatively  long  time  duration  pulse 
transmitted  at  the  end  of  each  scan  sequence. 

Eight  momentary  DPDT  push  button  switches  on  the  transmitter  case  (Figure 
5a)  are  arranged  In  a quadrature  pattern  of  four  pairs  with  one  button  for 
half  deflection  and  one  button  for  full  deflection  for  each  of  the  four 


I 

i 


I 


I 


1: 

I i 


i i 


i) 

5 


{i 

I. 


{. 


h 


i 


i 


e; 


IS 


It 


E-23027 

September  6,  1977 
Page  6 


control  fins.  Since  there  are  eight  buttons  on  the  transmitter  and  only  five 
available  channels  to  carry  Information,  the  modulation  has  been  arranged 
such  that  four  of  the  channels  provide  on/off  data  for  the  half  deflection 
condition  for  each  of  the  four  fine  and  the  fifth  channel  provides  a single 
data  link  vhere  the  same  on/off  data  for  the  full  deflection  condition  la 
common  to  all  four  fins. 


At  the  receiver  end  of  the  radio  link,  the  half  deflection  driver  relays 
and  full  deflection  driver  relays  for  any  given  fin  are  wired  such  that 
It  requires  both  half  and  full  drivers  for  that  fin  to  be  turned  on  for 
full  deflection,  but  only  the  half  deflection  driver  to  be  turned  on  for 
half  deflection.  Thus,  although  the  fifth  channel  Is  common  to  all  four 
fins  for  full  deflection,  the  four  half  deflection  channels  differentiate 
which  fin  is  driven  to  full  deflection.  This  wiring  set-up  causes  full 
deflection  of  a fin  when  a half  deflection  button  for  that  channel  Is  pushed, 
If  simultaneously  any  one  of  the  four  full  deflection  buttons  are  pushed. 
However,  half  deflection  of  a given  fin  with  simultaneous  full  deflection  of 
any  other  fin  was  not  a necessary  requirement  for  the  test. 


Fin  deflection  options  were: 

(a)  Half  or  full  deflection  of  any  one  fin, 

(b)  Half  deflection  of  any  simultaneous  combination  of  fins. 

(c)  Full  deflection  of  any  simultaneous  combination  of  fins. 


The  actuator  current  and  stroke  time  was  determined  by  Installing  an  oscil- 
lograph pickup  In  the  electrical  circuitry.  Bracket  devices  ware  Installed 
at  the  control  surface  pivot  and  to  the  adapter  coupling.  A shookcord  was 
Installed  between  the  brackets  to  simulate  the  air  loads  at  predetermined 


air  speeds  (Figure  Sb).  The  following  results  were  obtained) 


Extend  Retract 


Amps 

Time  (Sec) 

Amps 

Time  (Sec) 

1.66 

1.99 

1.72 

1.85 

2.20 

2.41 

1.82 

1.8^ 

2.80 

2.97 

1.9S 

1.99 

Ho  Load 
250  Knot  Load 
300  Knot  Load 
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FLIGHT  TEST 

A flight  test  of  the  experimental  maneuverable  drogue  system  was  conducted 
at  Trenton,  Ontario.  The  drogue  was  Installed  on  the  Model  1080  refueling 
store  (Figure  6a),  which  was  attached  to  the  left  hand  wing  tip  of  a Canadian 
Forces  CC-137  tanker  (Figure  6b).  A similar  model  1080  refueling  store  and  an 
ungulded  drogue  were  Installed  on  the  right  hand  wing  tip. 

Testa  were  conducted  at  200,  250  and  300  KEAS.  The  drogue  control  surface 
deflections  were  radio  controlled  by  a transmitter  In  the  EA-6B  chase  air- 
craft (Figure  7).  The  resulting  movements  of  the  drogue  were  recorded  by 
movie  cameras  from  both  the  tanker  and  the  chase  aircraft. 

Figures  B thru  11  show  photographs  which  were  made  from  the  movies  taken 
during  the  test.  Figure  8 shows  the  drogue  In  Its  normal  trail  position  at 
200,  250  and  300  KEAS.  Figure  9 shows  a view  of  the  drogue  at  250  KEAS  with 
the  bottom  fin  deflected  zero  and  60  degrees,  and  another  view  with  the  bottom 
fin  deflected  zero,  30  and  60  degrees.  Photographs  of  the  drogue  at  250  KEAS 
with  two  adjacent  fins  deflected  60  degree  each  are  shown  In  Figure  10.  A 
photograph  taken  from  the  chase  aircraft  at  300  KEAS  is  shown  In  Figure  11. 

Maneuvering  characteristics  of  the  drogue  are  shown  in  Figures  12  thru  15. 
These  data  show  comparisons  between  theoretical  predictions  and  data  actually 
measured  from  the  flight  test  movies. 

The  hose  trail  angle  Is  shown  In  Figure  12.  It  Is  noted  that  the  trail 
angle  decreases  with  Increasing  speed,  as  would  be  expected.  The  flight 
test  data  tend  to  egree  within  one  or  two  degrees  of  the  theoretical  data. 

Figure  13  shows  the  drogue  displacement  et  250  KEAS.  The  flight  test  data 
Indicate  that  when  the  bottom  fin  Is  deflected  60  degrees,  the  drogue  dis- 
places about  2.4  feat  downward.  This  Is  slightly  greater  than  the  predicted 
value  of  2.2  feet. 
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The  drogue  tilt  angle  at  250  KEAS  due  to  one  fin  and  due  to  two  adjacent 
fins  deflected  Is  shown  In  Figures  14  and  15,  respectively.  Both  sets  of 
data  indicate  that  the  actual  tilt  angle  Is  about  one  or  two  degrees  greater 
than  predicted. 

Preflight  test  planning  provldsd  for  more  data  to  be  taken.  However,  an 
unexpected  roll  characteristic  encountered  during  the  test  made  it  difficult 
to  evaluate  the  drogue's  maneuvering  characteristic.  Also,  the  loss  of  the 
drogue  receiver  part  way  through  the  test,  prevented  any  control  commands 
from  being  executed  at  200  KEAS. 

It  was  observed  from  the  movie  film,  that  whenever  one  control  surface  was 
deflected,  the  drogue  would  rotate  until  the  surface  reached  the  bottom 
(6  o'clock)  position.  It  was  also  noted  that  when  two  adjacent  surfaces 
were  deflected,  the  drogue  would  rotate  until  the  surfaces  reached  the  4:30 
and  7:30  positions.  The  following  theory  Is  proposed  as  an  explanation  of 
theae  characteristics. 


|»5k 
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The  above  sketch  repreaenta  a view  looking  at  the  left  hand  aide  of  the 
drogue.  The  drogue  la  at  an  angle  of  attack  a to  the  freestream  and 
the  left  hand  fin  la  daflaoted  90  degreaa. 


The  total  forcea  acting  on  the  fin  are  the  axial  force  (C^)  and  the  chord 
force  (Cg).  Then  by  reaolutlon  of  the  forces,  it  la  aean  that) 

SIN  a 


Cj  2 « Cc  COS  a 


The  total  lift  force  coefficient  la  the  aum  of  the  components. 

^1*2  * SlNa  ^ COSa 
Therefore,  the  chord  force  can  be  expressed 

Cg  ■ “ Ca 

OOSa 

Then  It  la  assumed  that  the  axial  force  (C^^)  and  the  lift  fbree  (C^)  are 
alnuaoldal  functions  of  the  angle  of  attack  (a), when  the  fin  la  deflected 
90  degrees. 


I 


ieedicnift 


Now,  consider  e typical  flight  condition 
300  ms,  305  F89,  R.H.  Fin  at  60  Sag. 


a - 1.1°  & a - -6.7° 
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.566S1N(2^ 


Cl.l)  -0.8C08 

ooTTiTTr 


SIN  (60) 


.0055 


••  0 Since  top  & bottom  fins  are  at  sero  dagraes  deflection 


- (.0055)  (305)  (1)  (18.5)  ■ 31  IH-LB  (C.W.) 

This  moment  would  tend  to  rotate  the  drogue  clockwise  until  the  right  hand 
fin  reached  the  bottom  (6  o'clock)  position.  In  this  position,  a ■ -5.5° 

» B . 0.  both  i ^ 

when  a deflected  fin  reachee  the  bottom  position,  the  induced  rolling  moment 
disappears.  It  can  also  be  shown  analytically,  that  this  Induced  roll  due 
to  two  adjacent  fins  would  be  equal  and  opposite,  and  therefore  balance 
when  the  fins  reached  the  7 <30  and  A <30  o'clock  positions. 


Data  was  read  from  the  movie  film  for  a 250  KEAS  condition  with  two  fins 
deflected.  Figure  16  shows  the  roll  angle  (0)  time  history  when  fins  2 and 
3 are  deflected  60  degrees.  Initially,  fins  2 and  3 are  in  the  3 o'.clock 
and  6 o'clock  positions,  respectively.  The  drogue  rolls  clockwise  thru  90 
degrees  In  about  1.9  seconds.  Then  it  rolls  counter-clockwise  until  the 
fins  2 and  3 ramain  at  the  4 <30  and  7 <30  o'clock  positions,  raspectivaly. 


The  first  and  second  derivatives  of  the  roll  time  history  can  be  taken  to 

t • • 

give  the  roll  rate  (0)and  the  roll  acceleration  (0)  . Assuming  the 
friction  of  the  system  to  be  small,  the  rolling  moment  is  found  to  be 

1 - 12  1*  i’ 
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Thle  rolling  nomant  la  plottad  In  Figure  17.  The  peak  valuaa  of  moment 
are  aaan  to  be  about  40  to  50  In-lb. 

Coniaquantlyi,  both  mathoda  Indicate  an  induced  rolling  moment  due  to  fin 
deflection  to  be  about  30  to  SO  In-lb.  Thia  moment  la  approximately  the 
magnitude  required  to  overcome  the  50  ln>lb  detent  on  the  drogue.  If  the 
drogue  vaa  not  In  the  detent  at  the  time  the  moment  vaa  applied » then  a 
moment  leaa  than  50  In-lb  «rould  cauaa  the  drogue  to  rotate  thru  the  detent. 

Drogue  rotation  vaa  alao  noted  aa  the  apead  Incraaaad  to  about  270  KEAS  and 
again  vhan  the  drogue  vaa  initially  deployed  at  200  KBAS.  The  fine  vere  not 
deflected. 

Figure  18  ahova  a time  hlatory  of  the  roll  angle,  read  from  movie  fllma, 
aa  a apead  of  270  to  300  KEAS  vaa  reached.  Theae  data  indicate  a rolling 
velocity  of  13.4  RPM  (COW).  Alao,  the  calculated  rolling  moment  la  about 
16  In-lba. 

During  drogue  deployment  at  200  KBA8,  the  drogue  rotated  clockvlae  aa  the 
boom  atarted  to  lover.  Then  the  rotation  atopped  and  began  In  the  oppoalte 
(COW)  direction  before  the  boom  reached  the  full  dovn  poaitlon.  The  rotation 
atopped  vhan  the  drogue  reached  full  trail. 

The  counter-clockvlae  time  hlatory  la  ahovn  in  Figure  19.  Theae  data  In- 
dicate a maximum  roll  rata  of  95.5  RPM  (COW),  The  calculated  rolling  moment 
la  about  60  In-lb,  Xt  vaa  alao  noted  from  the  film  that  the  initial  roll 
velocity  vaa  alao  about  95  RPM  (CW). 

It  la  bellevwd  that  the  vlng  vortex  cauaed  the  roll  during  deployment  and 
again  aa  the  apead  approachea  270  to  300  KEAS.  When  the  drogue  la  near  Ita 
normal  atoved  poaitlon  (aee  poaitlon  1,  Figure  20),  the  clookvlee  vlng  vortex 
oauaea  the  drogue  to  rotate  clockvlae.  Aa  the  boom  approached  Ita  full  dovn 
poaitlon  (poaitlon  2),  the  outverd  vortex  flov  on  the  top  of  the  drogue  cauaed 
a counter  clockvlae  rotation.  Than,  aa  the  drogue  reached  Ita  full  trail 
poaitlon  at  200  KEAS  (poaitlon  3),  the  Influence  of  the  vortex  vaa  no  longer 
felt  and  the  rotetlon  atopped.  Hovever,  aa  the  apead  vaa  Inoreeaad  and  the 
drogue  vaa  pulled  up  In  the  vortex  field  (poaitlon  4)  again,  the  counter- 
clockvlae  rotation  began. 
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CONCLUSIONS 


The  following  conolualone  ware  reached  ae  a raault  of  this  program. 

The  flight  teat  data  Indicated  that  the  drogue  displacement  was  about  the 
aamai  or  slightly  greater , than  predicted. 

Both  the  hose  trail  angle  and  the  drogue  tilt  angle  agreed  with  predicted 
data. 

Unexpected  rolling  motion  was  encountered  which  was  believed  to  be  due 

to  the  wing  vortex  and  an  induced  rolling  moment  due  to  control  fin  deflection. 
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RECOMMENDATIONS 


Thla  flight  t«at  program  haa  damonatratad  capability  to  manauvar  an  aarlal 
rafuallng  drogua  In  a atabla  mannar  and  haa  varlflad  prior  wind  tunnal  ra- 
aulto.  Tha  following  itama  ara  racoiBaandad  for  oonaldaratlon  In  a furthar 
program  to  davalop  an  operational  guldad  drogua  ayatamt 


1.  Ellmlnata  tha  awlval  and  aprlng  loaded  Indexing  ball  datant  In  order 
to  prevent  tha  drogua  from  rotating  due  to  Induced  rolling  momenta. 

2.  Ravlaa  control  ayatam  to  mlnlmlia  drag  change  during  tha  manauvar » which 
modlflaa  tha  direction  and  magnitude  of  dlaplacamant . Tha  control  aurfacaa 
can  be  rigged  at  a partially  daflaotad  initial  poaltlon,  with  tha  manauvar 
achieved  by  incraaalng  deflection  of  one  aurfaca  while  reducing  daflactlon 
of  tha  oppoalta  aurfaca. 

3.  Furthar  flight  teat  on  tha  Modal  1080  refueler  ahould  Include  a movie  camera 
mounted  on  tha  lower  and  of  the  refueler  boom. 

4.  Reconfigure  tha  drogua  aa  a fixed  geometry  target  with  optimlaad  featuraa. 
Including  Incraaaad  dlaplacamant  capability » reduced  phyaloal  envelope  and 
Improved  engagement  compatibility. 

3.  Incorporate  oonatant  drag  by  variation  of  control  aurfaca  Initial  poaltlon 
aa  a function  of  air  apaad.  Alao  Invaatlgata  tha  capability  for  free  trail 
atabillaatlon  by  autopilot  control. 

6.  Davalop  a wind  driven  alternator  aa  power  aupply  for  the  operational  ayatam. 
Alternator  fraquancy/air  apaad  ralatlonahlp  can  provide  control  input  for 
conatant  drag  (item  5 above). 

7.  Incorporate  a low  friction  glmbal  into  tha  recaption  coupling,  raplaclng 
tha  ball  Joint.  It  appaare  that  high  and  variable  friction  of  thla  Joint 
will  aarloualy  oompromlaa  tha  maneuver  capability  of  tha  drogua. 

8.  Integrate  tha  probe  alignment  (homing  guidance)  electronics  Into  tha  drogue/ 
coupling  system. 

All  tha  above  Items  can  be  incorporated  Into  a single  follow-on  program,  which 
will  consist  of  design  studies,  laboratory  tests . wind  tunnal  test  and  flight 
teat.  A second  alternate  Is  rsconnended.  wherein  an  Immediate  follow-on  phase 
will  Include  Items  1 thru  6 with  a final  phase  to  develop  Items  7 and  8.  A 
three-phase  program  Is  also  feasible ( the  first  phase  will  incorporate  Items  1 
thru  3 and  will  use  the  existing  hardware.  The  second  phase  will  consist  of 
itsms  4 thru  6.  with  a third  phase  completing  the  program. 
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(.  a)  tiA-bB  Chaae  Aircraft 


( b)  Drogua  At  Trail 


Figure  7.  EA-6B  Chaae  Aircraft  and  Drogua 


(c)  300  ms 
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Fl(ura  11.  Vi«v  from  Chaim  Aircraft • 300  KIAS 
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